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was curled out In the HA(2Al“ov-turbulence
tunuel to develop.low~~ aiz%oilsectionssti~ble for“admlttln&
air at the leadingedges A thloknessdistributionhatingthe
desiredme of pressuredistributionwas.foundfrom $&ts of a
fiexlblemodels Otherairfoilshapeswere derivedfrcm thisoriglnel
shapeby varying“thetM@mees$ theceuibers.the leading-edgeradiuss
and the slzoof the leqding-gdgeopemlng.

“1

kta exe presentedglvlngtie oharaoterlstics’& the airfoil
shapesIn the rq of lift coefflcimk for high-speedand cruising
flightq .Shapeshavebean develupedwMoh shuwno substantial
increaseIn dragovsr thatof narmallow-dragtype sectionshewing
mhlmum pressureat the same~sitlm aloi~ thechord. ~ of these
shapesappeerto hive highercritical.compresslbillty speedsthm
@sin zcl,rfoi.lsof the same thiokness.LOW-dregalrfollsectionshave
bben dmeloped with openings “in the ledlng edge as lsrgeas
41.5permmt of thefnax@u,un~m. The rangeof lift obeffioients
for lov drag In severalaasesis nearlyas largeas thatof the
CorrespoqdlngplainairfoilSeotions● #

Measuremantaof maxlmm lift oharaoterlsticswere mde for.only
a few mmfi@rq@oqs apd no conclusionsmuld be dram as to what
effeottie leadlng-edgeopenings would have on the ~mum llft
dlsraoteristlcsof tlm ooqplete”wing.

. .

Ihe le@.lng
locationfor the

●

.RmR(mJomm “. .
..O

edgqof”the ving @LS proied to-tie 8 qo@venient

tmtranoe to atr ducts..Thislocatlon“ispotautially

.. . -——- -.—
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effioieait bemuse the alr osn be ?mi@t”. to m“et”at this point

withoutloss of totalpressure● T02eplaoi33gcd’euohopenlng9i33tie
leadlngeGgeof airfoils.can le~d,hqever, b. seriousImreyM@s
In the external.dragzul&to”pZY3BSUZ’9 peeks near thw leadingedge
that cen seriouslyreduoethe orltloalcqapreesiblllty.speed.
Even a very small peak, df oourm, d*f~s * PBs~~filW of
maintainingany extensiveregionsof lamlnarflow.

Ptious testsIn theNAM 1~-turbulencetunnel(unreported)
showedtie possibilityof admitt~ alr eff’lcientlyat the leading
edgeof low-drag-airfoilsectionswithoutdistuz%ingtie lamlnar
layer. Thesetests,however,deeltwith relativelySW openhgs
about10 peroentof the maximumtkloknesson an airfoilsectionof
Z1-peroealtthiclnless● In orderto liml.tthe 3panof the opening
and to reticeduet loeseE,It is desirableto have as.largean
openingas”possible”and to admitthe afr at as low en lntake-
velocltyratioas pcmsible. The purpo~eof the pres&t Investigation
Is the developmentof M@rag-ahfoil ~ecti6nshavingbrge OF-
in * leadhg ed~.

.Inthe devel.opmer,tof “*e badlc Shap06j” a tideloonsist~ of
two flexiblemetal sheetsfIttedwith.precmwfeorificeswas used.
The modelwas mountedin the testsectionIn 3uoha mannerthat
its“shapecouldbe altm’edfrom outsidethe tuuuelWile the effeot
on the pwseure Mstributloncouldbe obsened on a multitube
mauometer. The.bntrance-fkwrateqs controlledby malntalnlngA “.
tlxedratioof nose-to-tailopeningsc .~em the shapekving the
desiredtype of pressure”U strlbutimwas obtained,the ordinatos
of the shapewere measumd - the pressuredistributionwas
recorded. The ordinatesof the symmetricalsectionobtainedh thts
mennerwere plottedand falred;thefalredorU.nateci! were then used
In *e condt%uotlm of a wood& kmdel.“A more detailedinvestigation“
of the ohm20teri8tica”of the airfoilsectionand the effectof
variouschangesin shapewas carrl.edtit wltihwoodennmdels.

The presmt investigationdedlsprlm&ly with the determination
of sectionohcraoterltiticaIn the rangeof lift coefficientsfor
high-speedend cruisingfIi@t. Althoughthe l~ortauce of de~
the effectof the use of thesesectionson the msxlnmmlift of the
wing is reslized,it Is felt thatthiseffect?canbest be found
from testsof a completeairpkue mmielratherthenfrom testsof
a two-dimensionalamdelof thenose-airintakesection. Because
the opaningein the leadingedgew extendover onlya relatively
smallportionof the span,mqsurmen ts of the maximumllft of the
nose-openingseotionsalonewouldnot give reliableinformation
concernhg the offect of the use of the seotloiw.on tie completeairplanes



r.‘)r. .

.,
3.

.i
For thisreasonsystemtlo masurmmts of Eleotion18a&Ulhlm ‘.”::
coefficienthave not beem made~altho@ someZxIfomtim m “Us
@Meet % b~r obtainedfor,a fv .WMW- 0..:!. -..‘ . “.:.. ..... ..- .. .

.,”.

.1 .!
.. . .. . ,

Theemhols .usedmmdefinml as follies:.. ; .; ~ “. “

v

,..vn

~“

P

H

s

Et

M

f. a%

“oz.

a

8f

‘At

.%

x

Y

free-slzwalnYelocitr“- “. ‘. - . “

. veloolt&of

.. .

air ehtftrlnp“thenose,opauing.. .; .- :.
.’. , ...”..’d. :.. .. .-.. ..:.. . . . ,.. . . . . .

frl+sta+u dynamic ()*pa . :“ .“ : .l--y # . . . . .. .. .
. . .

local atatlo pressure
. . . . .

f?S3e-6&eamtotalpr&re . ..

(“)”*13siuw coeffiqlent ‘=p . .
~

tdtiil @cmnzre at exit .
“..

10SS Of to= preSSLiJ?r3,tkn&I dllCt @ - Ht)

section.profile.-dkhgcoeffloimt
()
$.”.

.. qo
. . .

. . .

. . ..

. .
,.. . .

. . . . . .

flap aefledtbn, degrees
.. -t

sreaof ,$rsli&-edgeA$; -’.”

areaof le*-f&e e&wme .
.

dlstioe IgLq OhoraAOti“lrM#.ingedged’ f&ZfQl~ . .

.“ : ...... .

,. ,.- .
. . ..- . . . ,. .- -

. . .

. . .,
ai@anoe.-&@@&tl .“--,.. .“ “ . : .“ .

.



. . . .. .. . .... . ----- . .. . . . . . . . .. . .

.

Ohord.

ma”fmt!lemltv

seation drag .

aeottoll lsft

Eoynolds number -

APPniTus

..

*

‘ Tho Investigation of low-drag alrfoll eeotions
reported herein was oarriad out In the XAOA low-turbulenoo
tunnel, which 3s QeaSgned to test models In two-dlmeneional
flow. Thle tunnel ham a test aeotion 3 feet wide and 7*
feet high. The turbulence level sf the air tatreamin the
tunnel is extremely low. Turbulence measurements with a
hot-wire anemometer ~ndiuate that the fluatuationo of
velocity are less than O.l percent.

The flexible model, which consisted of two O.O24
hach-thlok sheets of aluminum alloy, had a ohord of 2
feet and a span of 3 feet, The sheets were mounted on
eight l/4-inoh apanwiee strlngerm that extended through the .
tunnel walls. Changes h the ehape of the model oo”uld
be mado while the tunnel was running by changing the posi-
tion of the stringers from outside the tunnel. On each
surface of the model, at the mldspaa position, were 16
pressure orifices that were connected to a multituba
manometer. A sketch of the model is given in figure 1.
Although the flexible model was satiofaotory for determining
th. outlines of the greater part of the se~tlon, it was not
eultable for a ●tudy of the effeots of changes near the
leading edge. The internal shape furthermore did not make
a euitable dust. ~caordingly~ the Investigation was eon-
tinned with the use of wooden models.

?he wooden models were of Zkfoot epan and of approxi-
mately 24-lneh chord or 60-lnah chord. They were made In
two meotlons, each section having a flexible metal traillng
edge that could be used to ad~ust the size of the extt for
varying the flow rate and as a apllt flap. The top and
bottom eeotlone were held together with 1~2-inch plywood end
plates and several internal steel epaoers. A photograph
of a ty laaL d(l-inobohord wooden model Is shown in

itigure ●

.. -. .-. .
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Pressure-distribution measurements w,eremade on the
flexlble m“odql‘by the use of tbe pressure orifices and on
the wooden”niode~s by,.means .o,f sqallst’atlc-tubes of 0“.040-
thc~’outside diameter, mounted o.nsupports .ap.prox$mKtelY
0.25 inoh above the model surface. Pressure distrlbut$.ons

, are presented as curvee of the pressure coefficient S
-.plo$ted against chordwise posttion, It Is to be noted
“that, in formiqg this coefficient, free-stream total
pressure is used .as the rgfer~nc,e pressure rather than
free-stream static p$essuie. Surveys in a’vbrt$cal plane
at mi.dsp.ant.ndic,ated,that t.he.”flow.was @orp uniform at the
exit tha”na~ ‘fhi”etit~~nce, ~eaiaur~inonti of flow were
therefore m?d,q.by measup$ng $tat$c..p.re,gsure,.and to.ta>
pressu~.e, ati’:tliec,enter,bf.the .ex\t.&.,...“..... .. ......

,.,.
. . .Dr&g’waq rneasu.red by~”~he’wake”-:$urve’y’metboti~ The

integ”ral “;of,the ‘lQsa of totq% p,r”eksure in the wake, a
fairly close approximation to, the drag. was measured with
an integrating manometer. , Corrtictiori8to thie value were
obtained by a.method substantially equivalent to that of

.,B,M. Jones given in refanence, 1, The lift was determined
from measurements of “pressures along the floor and roof of
the tu~ilel. Beta’use-th6 entire” lift was, not transferred
t“o the tunnel w~l%s with’in ~the di”stance covered by the
orifice $”, a correction, determined %beoretically, .,was
applied to the tine’a:suTe’dresults’ to “obta”i.~the total lift.
The data presented herein have been corrected for tunnel-
wall effects.....’. .. . . ..’:...~,“. ... ,.

,,’ .,,.. ,,. . ..... ,,.’..,:,,;.: . .... .“

DEVELOPMENT;‘OF N&Z- OrP,EN”I,N&‘jilRdQtLSHAPES ,..,,. .,. ,,,’
...

. . . .

A“irfoi1 s’hap,e:,’,’?.4 The meas~,red ordinates ‘of’”the
.

flexifi~i~~~~-were faire~ t“o obtaip a symmet r“ical”shape.
The thickness of this symmet,yical phape was t@en reduced

. to 1%’.900 percen% 0. “Ordinate,& for this thi’akneqs. distribution, called airfoil ehap”e 7, are given ih table I.
~~The section was combined with an type of meana,=”O.5
~~.“line having a “design lift aoeff$cient, of 0.2”””$;0obtain
“ the ordiniites”of t:he,mode-l., (see tiefirence:,? and 3.)

The chord.”of the model was;:2’4”txsches,, ~ ..,.. .. .

,..,..:.. . . . . .:.
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de pi,~~b”ilii”y.pf..maki,qg.’sbme ~o~.if~’ca~’$~ns“’to~“the”.~ea~ing.
edg9”.~1.Roiz$d$”ng~“~e’leading edge tb’ l/32 -inch” radiu,s ‘
resn.l”t,?~:iti the “irn,~rov?dcharacteristics shpwn”’:inf~gur6s”
4alid”5; ( “, “ ‘ “ ‘“’”” ‘“;”

-.
,,,.’{.,..: ,...,.,..“

..,. ,.
~,In or~er” to check” the’ operation of the’ airfoil see-”

tion” ‘in cl-imb with an internal; resistance to simulate a“ ~~
radiator, scr”e;~’bs’-,ware’ installed” that” had a.pressure drop

:“ ,“.”
.V “:.” .;’””

equal to “’,* Wlle$ =: ‘was equ~l to 0.9.
:.v ““”: -;”:.

,T,ests were “
.,.,

made” t“o de”tier’rni.”h’ew~ethei’ ~li?”sflow rate cbuld be dbtai~ed
at a ~“i~$:c~e”ff+’i”c’iernt””:o f ,0,..8~‘ Ftir this ser~ es of
measureineats , the sheet-metal’ ti?a-i’li“t~g””e’dge”on the “lower
surfac:e wa,s bp~t downt forming a 0 ~J5c,-split flap. - We
charactel’~sti”c:s we~”e:tie~sui’~d’,for f.~a~’de~lect ions of

11$0, ‘i5.0,(:;a,?id”200”.“~,he’“resul,%s,’arp g’~vep,in”f i~ure 6T
., .“,.. .

.. ,,
?es~$’.to determirie ;th~’rna”ximu:~lift cbeff~c~ent O*

,.

the”’sect ipn” w,he$”’~itte.$1with: ?,0.20~,~sp]”ttflap” ,$eflec.!jed
60° were~”rnad.ein t~~e NACA’.two-’d”irn:p.qsi.ooal;tunnel. ... The “ ‘
maximum l’if.t~cbeff ic.iep.t.shotied.little va”riq’~ion ~ith.
Reyn91ds nupb.er. ...RWRQVink th;~ screens also .,had”,little., “
effect,. & typi~al. l~ft curve~ showing “t~.e”p.pakis, given
in. fi@re .7;”,:,.:.:,. .:,.,..,y”,., : . .. ., , .:Y .:. .

., .,, ,..
““”Air f”Oii sldpe’ 8;- Ai$fo”il sh~$e” 8-;”w’asd“e”ri~,ed,from---—-a-

n improvement “in-=; fairing of the ordinates’ of the “
flexi~le model used in deriving airfoil shape 7. No
reduction Was mad~, in the .thtcknejp.s,,.Jhowevey. wh~ch,.-was
the same a“s-”~lia~o*’ ~~e-f~e”xi~l,e mbdeli” 38. S92 percent c.
The ordinates for the symmetrical model are given in

Figure .8 ,s@oys..the. eha?e of.t:h~ air foil. section.table ~1,. ,..: .,, ., ..
..... .:.. :.,...-..’...<..:......,,

“’”$e~$s,’””o“f:sha~e 8 ,:with the s~a.rp‘~eading ed~e..i~ve”:;’:~”;”.,
results. .si”tiilar,.to, th”e..initial. re,$ults ,obtai.n6d “f@,fi~Shap8 ~
7, in(l}’eating.~hat.,.the,~-sharp”’leading,, @d,ge’’wa”s””$oQ”cr~~~cal=
The leqd.ing. @’ge was $herefor@ rouy!ed $o.,app,~”~~~mat:~y
l/32-inch,.r,n?i~s (f$g.,.~) .’ Ffgure. 9 ‘shbwq.,”~hep~eq,sur,e
distribution’.for ‘t,h.q,,model” in” this. conduitiop~,,,”Li’ft.1.,~rag;
duct 10SS; and’”intake velocity were then m~asured”; ~r”These
results are given in Figure’ 10 in no”tidirnen’s-ional ‘#orm.

,.., ,. :.-. ... ... . . ,,. . %.. .,
In,.an ,?ffo$t ~o””i,~cre?.~e:,t“h.e.low-a~ag range. the

leading; kd~e; was, ,cqt,”h~ck,j2p4.89 perceri”t, c“, and” was faire$l
to a l,arge r~diu,s,,“(fig,0j8”?”;”;.‘~i~i;n~~es are.,.given in ‘.”:”.
table 111,: dtliovg~, t:~i”s,,cha~,ge.Irnprov’eathe,.eect ion:.” ..

. %$”an~ 12);”at’ieaet at ~ow .“$”characteristics’ (f$”gs.
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Reynolds numbers; it affected the pressure dlstributipn ,
adversely near the Ieadii.g ‘e”&ge”,“as i.s seen in figu~e 9.
For, succeeding’ models, a somewhat smaller leading-edge
radius was therefore chosen, - - - .’,-.

Ai.ifoil sha~e 9.’-~~.”rfoil shape 9 is the same ~S ,,----------
a~if o *1 shape 8 e~~t for the lea”d.ing-edg’~’-radi,us,,”Which
is somewhat smaller than the large radius t est en’ O’”ri””’$’hape8.
The ordinates for shape 9 are g$ven in table IV. “ IQ drder
to obtain results at higher Reynolds numbers? the chord ,of
this and of” succeeding Models was increased to 60 inches..
tifts drag”, duct loss, intake v“elocity, and pressure “
dtstributj. onwere measured for- three different “widths of .,
the tail opening. These results ay,e givefiiu”coefficient”
form in figures 13 to’ 15. ., ,.,,.

.,

Airfoil shape, 10’~-.--— -.-—- Airfoil shape 10 resulted from
an effort to fair an opening cf a given size into an N4CA
65,2~215 airfoil gect ion with mean IiDe a = ,0.8 (refer-
ence 3) without c’hang’iug.the ordinates of th,e original
section back of the 0.”25c position. In order to avoid
changing the shape of the mean line, a new symmetrical
airfoil shape with t-he desired. nose opening was derived,
and this shape was cambered to the original mean line.
This operation was performkd ~X the use, of, skape 9, rednced
somewhat in s!ze, as a guid’e for”~-ne fa.ii”{ngjin the
neighborhood of the leading edge;: “thi”s“’portion of the
section was then fa ired fnto,,t$e,NACA ,65,,2-015section.
A smooth curve was drawn by ‘eye.;-joifii~g the forward por-
tion “of”the section with t“lieI?ACA’65; 2-015 section. In
order to check the fairness of” this curve, a measure of
the cv.rvature at several pdint,s’aloxig,the surface was
found, and this quantity was plotted ,against chordwise
position. The’ measure of “the.curvature was computed
acco.rdi”ng””tothe follomin’g formula. .

‘(n+l~ ~ Yn=Ql”l)hn = -- –—--;-----,-+- .$.. ..

where yn ts the ordinate at th”e chordwise pos’i”tiou Xn.
The various chordwise” positions .~~,,s+ * ● *●,,‘n must
be”’equally spaced. ” The or.igiial”;cnrv.e o.$.,~ against x
was not, $mo Qth. It yas.fo~pd,ti,e.~,es,sa.r~,:tio:.rnak.e this
curve Smooth in grde~ t$.,:o,~,$’si,q:.sat”%s~q~tory :pressure
distributions. The cu~’ve of ““”h EJg&inst x was made
smooth by successive.arbitra~~ .,e)~anges~n tbe.,oTdtnates.
The trailing edge was cut of$, at. O-.~lc to “form the rear ..”

,...
>....
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Th,e”resulting symmetrical ,.s.ection, d.esignated “’opening. ,
tiirfotl. shape .lO,”for Wni’ch “the ordinates are given in ~~
table V, was. then cambered about an a = O .8 type mean ‘
line wit,h a design lift coefficient of “0.2 ,to obtain the
ordinates of the model tested, “ The c-haracteristics of
this section were measured for th~.ee..different w.id~lis.of”
the trailing-edge openin:g.” These, $e.suits are &i-ven i“n
figure 16. .

,.
Zn orde’r’to determine the e,ffe.ct of changing the.

:-

angle between the line joining the upper= and lower-
surface leading edges and the chord line. tests were made
with the upper .and lower’ surfaces s,hi~ted with” respect to
each other to give +arious amounts of stagger. The
origiqal stagger, due to the cam berj was 0.265 inch.
Tests were also made with staggers of 0.53 inch and 1.10
inc’hes. Data for the tests with increased stazger are
given in figures 17 ‘and 18. The lift coefficient a= a
function of the angle. ~f attack ,for the varioll,stest con-
diti,gns .$s gi,ven in figure 19.

The results of pressure~d istribution measurements
for shaye. .10 are gi.veq in figure 20. ,F,igure21. gives a
comparison between the theoretical pressure distribution
for the NACA 65.2P015 airfoil section and the basic
symmetrical pressure distribution derived from figure 20.

Airfoil sha~e 11 - Airfoii shape 11 is au airfoil--------- _.-.L
section of approximately 0.25c maximum thi~kness.. The
ordinates were derived from those of airfoil shape 9 ly
increasing the ordinates for shape 9 in the ratio of the
thicknesses of the shapes. The leading-edge radius was
also increased by this ratio, Ordinates for airfoil
shape 11 are given in table VI. The usual test results
for this’ airfoil section are given in figures 22, 23,
and 24.

Airfoi& sha~e 12 - Airfoil shape. 12 was derived to------ --— --__L
study the effect of variations” in the size of the opening
in the leading edge. .Shape 12 has the same maximum
thickness as shape 9, but the leading-edge open”ing has
been reduced from approiimitely 32.5 percent of the maxi-
mum thickness to 23 percent of the maximum thickness.
Ordinates for this, shape are given in ta-Dle VII. The
test results are given in figures 25V 26, and 27.

Airfoil sha~e 13 - Airfoil shape”13 represents an-..---—-y-- -___:
effort to obtain ari airfoil section “having a very large
opening in the Isading edge. “It was obtained by simply
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.spread,ing“apartth,e upper.and lower surfa,ces.of airfoil
shape 9. l?heresult ing seotion hdd a maximum. thickness
of approximately 21.7 percent c and an opening in”the

‘-leading”’”edge,of about,41,5 pe”icent of-the ‘maximum thickness.
Ordinates for ahap~ 13 are g%ven in ,ta.bleVIII,,..’Thetest

\ resultq are pne.sented,in figures 28 to 32.
., .,.

- DISCUSSION ‘‘; .: “ - ““
,..

‘. ..:

Lea”din~-gd&eradius.- As stated previously, satis-.. .-——~.
factory results were,not obtained with the sharp leading
edge. Comparison of figures 3 and 4 shows that the effect
on the pressure distr$but,zon of slightly rounding.t-he
leading edge is to eliminat-e the peak on the lower surface.

Tests through a range of angle of attack, how”ever,
showed. that the range of .Iift coefficients for low drag
was very .smalli (See fig. 5.) Zn order to increase the
range of lift coefficients for low drag, ,the leading edge-
was cut 3ack considerably and rounded to a ,,Ja.rgeradius
as shown in figure 8. Although this change improved the-
low-drag range, as is seen in figure 11, it seeme proba-
ble that this radius is too large because of its adverse
effect on the pressure distribution shown in figure 9.
.It is believed that the low-drag range at ,higher Reynolds
numbers would be considerably smaller than that. shown in
figure 11.

An intermediate value o.f the leading-edge radius was
therefore chosen for airfoil shape ,9. Although,this
value of the leading-edge radius may not be precisely the
optimum, the data indicate that s.omewha.t.lar.ger or smaller
radii lead to cha.ract.eristics ~ess .Satisfaatory than those
for the intermediate radius.

Flow rate.- The effect of variations in the rate of----------
-air intake has been studied for a number of tF.e airfoil
sections. Air. muqt be admitted at the leading edge in,,, ..
order Jo obtain satisfactory cha.ract.eristics. The. mip5.-
mum rate of intake to Qbtain 10,w drag, however, depe”nd..s
upon the particular section. For airfoil ehape 9 wit:b a
lead.ing-.edge .opening .,af.about 32 pe.rceat of the max.j,mum ‘

,“

thickness, this minj.mum rate is,.a.value Qf ‘#
,’

of approxi-
. . .’ ,

vately 9.38; for shape .12 with a:l~ading,-edge,opening .of

I
,,.. .m.—.-.-- . . ..-——— —-
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. . . ..
.,. :. .

about 23 percent of t~.e”$’miximum‘thickness, it is less” than
0???. (See figs. \3(b)”; 13’(c),“and:25(:c)...),,,...

“In general, the chaiac~erisfics of the sectio.n~’’iqro~e
with increase in the floti rate” up to the point where ”t”he
internal duct losses begiq to ~e Serious: that ist the
low-drag range is increased and the value of the miniw~m
~ressure coefficient is ~edvced slightl? a.s the flow rate
1s increased. It is noted that, although the low-drag
range at first increase-s rapidly with increase in flow
rate abo~e the minimum.necessary to obtain low drag as
seen from the data for airfoil shapes 9 and 10. (figs. 13(b),
13(c), aqd 16)3 further increase in the flow rate he.s
little effect as indicated”by the data four shape”’”12
(fig. 25).

In all cases thq loss of total pressure in the internal
flow was negligible for a ranqe of lift coefficients some-.
what in excess of the low-drag range. Further increase in
the lift coefficient resulted’ i“na gradually iricreasing
loss e,ssociate.d with looal’separation of “the internal
flow at the leading edge.

Airfoil thicknes&--+--—----..——---=--- The ‘effect of changing the
thickness ratio can be seen f~om a comparison of the data
for airfoil shapes 9 (figs. 13 to 15) and 11 (figs. 22
to 24). Increasing the thickness results in a.n increase :
of the low-drag range for a given ratio “of opening to
maximum thickness. Althoug”h the minimum pressure Feak of
shape 11 was bisher than that of shape 9, the increase is
not so much as would be expected from a corresponding
increase in the thickness of a plain airfoil section.
In this connection it ~fiould”be noted tilat both shape 9
and shape 11 have considers.-oly lower peak Pressures than
would be found on ~lain airfoil sections of the same
thickness.

As previously stated, shape 11 was derived from
shape 9 simply by multiplyitig the ordinates of shape 9 hy
the desired ratio of thicknesses. Another method of
increasing the thickriess “is i>’ltistrated by “shape 13. In
this case the upper and lower surfe.ceswere separated by
a constant amount. .The”dat:, for Shape 13 (figs. 28 to 30)
are very similar to those fo’r“shape 9, in Spite of the
fact that the thickness has been increqsed from. about 19

‘“”t“d 22 pe”rcerit and the ratio of the” size of’ the leading-.
edge opening to the maximum thickness has been increased
from ajproxiuuit~ly 32*5 to 41.5 percent. ” Itis significant
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that the peak pressure
same as “that’ fQr-”~hape
... . .,:.....

for shape 13 is practically the ,
~* :.,-

maximum thickness; is ‘kept~onstant Cari“bq ‘seeu froim a
Compar”isdn.of the data for airfoil shap’es 9 and 12 (figs- 13
to 15. and 25 to 27)= “Shape .9,jia.sa le~dingsedge opening
,approxiinately 32.5 percent ‘of the maximum thickness~” and
the apening in shape. 12 ,is app~so~i”mately 23 pe~cen.t of the
maximum thickness. The” ‘d@’ta,”i{jd%c,a~,ettiat the smaller
opening i’s“much less criti@a:l $0 floti t+ate ~~d. change.of
angle of attack ”than the larger op&nin&’. It isfelt that
shape 9 has about the l~rgest’~size opening in the lee.di-ng
edge that pan be placed. in a sectio~ of i’ts’thickness
while still maintaining favo~a~~le aerodynamic character?.sties.

,,.

There is some indication that the’ low-drag range is
strongly influenced by the slope of the external contour
in the neightorh.ood of the leading edge. Decreasing the.
size. of the o-pening and ilicreasing the thickness of the
airfoil section “both ha.~e the effect of increasing the
slome near t’ne leading edge. This larger slop~ ha: a
ten~ency to increase the low-drag range. The conclusion
should -not be drawn, however, that this slope can be.,
indefinitely increased, ,because it becomes difficult to
fdi~ the forward portion of the section into a shape of
reasonable thickness without causing pressure peaks to
occur a short dista~ige f~~m th”e leading edge.

“. ...,,
Pressure distribut ion.- Comparison of the pressure

.,

i“i.str~~;~~~;;-~;~-;h~ ~~~~~us, shapes ‘With those for plain
airfo~”ls of correspolla.ing thiclsrikssds shows that, the values
of the minimum pressure goeffici,ent “’for“.ma.ny of the nose-
opening shapes are considerably lower” thhn” those for the
plain airfoils. As. ,a.n:. example, airfoil shape 13, which.
is 21.7’74 percent thick, has approxitiately the same value
Of the’minimum pressure .c’oeffj,cieri~ as the NACA 66,2-016
,airfoil section at zero lift. A lower value of the. peak
pressure is .~of.-,i.mportance “because
in the cr-itical

it’“i’ndica”tesan increase
.com~r,essib>~it.y spe’ed of the section.

,This ‘“increase e“nabl.e.ithe, designer to use e thicker section
than would otherwise pr’ov”efeasible;

....

Tiae theor:etical- ~“ressure distributions given for’” “.
compari”k$on with..those,.fo~ the, tikii.otisnose-”opening shapes

. . are, the nressure” distributions i,~r.NACA” low-drag airfoils
havipg tie s~me thicknesg ~a~io as’ those of the nose-
opening shapes, except in thecaie of Shape lQ. Yigure
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21 g!.bs a c6qwJ?Iscmbet&sm aifiofi&~eL”ld “&&ri@eIUCA 65J~2-015
aixWoilsection 9 ~ .Wia figq+w,f@e-tr@l* .md’@of stipe~Q .....0
Gorre~pendstd a .valup.* 0.94,~or.x/c, * the tkili.ngedge.of
the NJ@ .652-035airdoiI COrreSpO@S ,tc h value of: I.(I for X/C.

The ‘actual lhidmess. ratio of a.kpe 10 1s, d com36j pate~ than-.
Oc~~Becausethe &or& has‘btiqqdeoreasedby 9 “prcmt. This... coqari36n showsthatthe minipumpremure co6ffic10n*for a nose-
Openikg*pa is vew qearljthe sqm as that:of.the plain eectlcm
intowhich“Itfairs;that 1s;“noconsider~leiiicreaseah c~timl.
coqiressi.bilityspeedsem to he ~ected from uose~paqing sectionq
defivedby modl~~ only the leadlugedge of & oti@ti pl~. ...
.&frfoilsecticxi. .“

. . .

&Q@P&Z&N A~ Btatedin ~s m~~cti~~ it i; felt -t -
tip eflfectof nose-openingoedticnson maxim+m-liftcan beqt be.

‘“foundfrom testsof a oompleteairpkm ma~ ratherM“ from :
testsof a Iwo-dtmetiionalimdel of. tQe nose-air intake section.
Such testshave not ye% been made. .SORISprelimiharjcheckst however,
indicatethat the possibledecreasesin maximumlift &hculdnot “ “
be lerge. The maximumlift of airfoilshape.7‘whenfittedwith “
a 20-percmlt-ohorflsplittlap deflected60° is ee& from“fi&re7
to be 2.15. MeasurementsOf the.m.ximum lift of aha@ ‘U csnibeti~
for a deelgn cl of 0.4 with an .a=.1-0..~e.mean lim.~ve e“ “

mlue of 1& at a Re~ol& nuniberof 6 x 10* as coqered with 1.42
at the sam Reynoldsnumberfor anNAG-I65,2:42.2airfoil section.
with en a= lWO type.pmnline. me m9iEllmzmlift of * .
IVACA65#2-21j# a = OOBt airfoil .aeotionwas .~sured with nose- .
opening shape 10 extendingover approximately Id.per~pnt cf.the span
of the mdel. No change.- themaximumliftwas observedin this
case● Such data@nrever,are.too.inccqlete to @& any.ccmlusions
as to the possible~ect of lea&lng-ei@openihgsti tha maximum
lift *acteristics of the c.aupl.etjeW*, .:

Jlciq.-The valuesof tJ&.drAgcoefftclentof noa+qmixlng ‘
sectionsin the lcw-~ ~qngeme practicdd.ythe ~bJw3.as thosk.;
of the co=esponMng”low-drqgsegtions.Figuz%31 #ves a comparison
betweanairfoilshape10 an& tiq NACA 65,2-2I.5 aimoil pection... “
It Is seen thatt4e low-dragqangeis somewhat.lesq~~ that.ofthe
origin@ sectionand that.thb dragOutqideM. a. Mw-drag range
incre~es at a @eater ratewi* %ift coef’ficlaatthahfor the
plainsection. A largepert of thisincreasein &rag is due to
t&e internallossesthatgccurat anglesof attackoutsideof the
low-dragwe 9 !Ihedataiqdi~ate.thattheMw=&ag rangeticreasea
(a)with inmeaaing flow datis (b)with dec~** entrancesize.
for sectlcnsof a giventl@qessO..and (c)with.@creasing @iclmess
-if’.*W ratioof thewi:&l+of the opmiz& ti ‘themarimumthickness.- ...~. -,.

.. 1..
. ... . . ,.. --. . . i,.

*

.,

. .

..
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la Uskintalaedixmstaritfo
*=W -*by”

‘ 13

* the“shapesimed; k leig6st’ ~
dhqp U with a lift-ooaffloiemtrange

.. . . . . -- L... .-, ., . . .
. .

‘v= Of Oika” (fig.” ‘a(i)) ● “ .“ “.for JoW**OJkuitha. T
. . ...“

Pi,. Icatlon.-It appearsfrom the.presbntdata-t the prop&
use of’@e nose-opmlng seotionspresentedin thiszwportcsn lead
to coolinginstawmims ham pwtloall.yno additionalSztemal
dragin the rangeof lift ooeffldlehtafp??hi@=speed and oruising
fli@t. Althou@ most & the ~o$l shapesfor whioh dataare
gi~ - symmetriqpl$thes~shapes can be treated in ..ths fmnq.
-r U ~ o~= 10W-~ ~ ~m-MJ. Sectlmj *t is) *

“.synnueiaxloiil.shapes oan be Gadbiqefl VI.* a mien line I@ng the

desireddesignMat in or@ to shiftthe rage of lift ooefflciemts
for low dzaa aud effioient intemdl flow.as is Moated by the
‘data for shEpe 10. (9ss fig; M(a).) S&egger$ngthe ops&g had en

...

.

m..

effeot 13in#Mmto the effectcd m inoream in tiecmibm, O
smaller. Resultsshovingt@ tieot d variousamuum of stagger
~ @v~ timms WIO, w =a 18P .

. . .
..

Z&?it Is @sired to fairnose-openiagshapesinto exiet~
drfoil seotions}It Is reoommen@d thata procedureeimll-ar@
“thatused in the derivaticmof shape10 be eqployed. ti particulars
it is usualLydeslrdblenot to alterthe shapeof the originalme=
line”and to 09 oertslnthatthe vWAatlml of curvaturealongthe
SltrfSLO’SIS SDDOth end Oontirluous ●

Becausethe ~t of alr requiredfor coollngin the clidb
ccmditim is nsarlyas muoh as is ~uired in the high-speed
conditionsthe lntakq-velocttyratioin t31solinibconditionmust
be considerab~greaterthanfor We high-speedqmditicms. Tests
or airfoilshqpe~ with en internalresieVtioehavinga pressure

3
dmp of q at an intakp~elocltymtio ~ of O:9 showedtie

possibilityof obtaininghi@ Intekewvelocityratiosat high lift
ooefftcients● ~terpolationof the ~ts givsmin figure6 shows

thata flow ra%e + of O.9 mn be oMa$,nedat a “liftcoef’fleient

of O.8 with a cso@@ed ooolingoontroland a @tt flap deflected17.@.
An aualFsisOf the drag dataobtainedfrom this seriesof tests
indloates*t the exte2mQ drag oausedby dsfleotlcmof’the flap Is
much less ~ thatorMnerUy ass~lat.edy’iththe .defZeotlcmof a
Splitflap;in ftitgthe Inixreaseip totaldragis the inoreasethat
oouldbe hssoclatedwith the Mmm,sJ. losses. Ws rpmzltis
reasonablebecausethe flow over the -r suMaoe of the flapwas
not st&lMd.o

.—
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lk

were Iw3de io““mdl@t3 “Suits’libllnkhhodsC&
fairingthe nose-c@3niq EIkW3Into the .

wing b the iparnt&edire-qti~. These te=ts@laa-tid *t the
openingshoWl be oloeed~ in a lemgthequslto atIeeet
twicethe maximum4ei@rtof the opening. SamicircuMmcm elliptical
endswere”unsatlafe@o&y.

-.”
.

CO1’K&SICEW

~ 1s JW&oil secticmsof the law-drag*3 suitable
air at theleadingedgewithoutsubstantialiucreaseh
bem develop6do “ “

2. ~ of the seotionste3te~ appear to

compre9siblU* speeds than plain sections of
.,

?. Low-dragsectionchavebeen develowd

for admitting
drag,have

have highercritictil
the warm thickness.

that have openingsh
the leadingedge as large* 41.5 percentof the maximumthickness.

k. The range“ofltft cmfficicntafor 10V drag in severalcases
~“is ne~ly as lsrgeas thatof the”comeapondlngplain airfoilsection●

5. The“measurements of msziu.quulift characteristicsWer6 too
incompleteto draw my conclusionsre~dhg the effectof leading-
edge opedngc on the maxiruumlift charactertaticsof the completew!-.

LangleyMemrial AeronauticalL~oratom$ .
NationalAdvlao~ Committeefor Aeronautics$

Lengl.eyFieldtVas

. .. .

.

. ...
,.
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TABLE I TAELE II
.,..,,,

THIcKNKsS ORDINATES, NOSE-OPENING . : :“ :“ - ,“ TSIClrNESSORDINATES, SSARP-LEU31NG-EDGE

AIRPUIL SHAPE 7 “ .“ .“ “’‘“ .’ liOSE-0P2XIN13AIRFOIL SHAPE 8

O* .:,, . .
. .

:2’- ‘“
1..25

“2.5 ~

?;
“lo’
15
20
25
30

::
b5

(&ALt, ,cJ .

~~. 2,7.53,,;.
‘ 3.1* .
3;29
3.559 ,,, 4.110 ~~
‘$.92Z

‘5:88o
6.608
7.188
7.612 .
7*935
8.222
8.388
8.&50

50 I 8.MO
55 8.210
60 : 7.808 I
b5 j.228
70 6.520
75 ,’ 5.677
80 4.770
85 3.872

2.960 ;
;; 2,040
100 1.250

Nose opening in peroent of maximum
thiokmems 32.580

TABLEIII

THICIO12.SS0RHNAT2S, LARGE LEADING-EWE-RADIUS

NOSE-’3PZNINGAIRmIL SRAPE 8
.—
x - “.

_ (percent c )

2.i@
2.60
2.8

G

;:;
10
15
20
25

;;
40
h5

E
60
65
70
75
80
85

%
100
Location of lead:

—..——.— .——. .—
(pa$mt 0 )

3.413 7
3.772 I
4.038
4.2.45
lL.908 I
5.337 ‘
5.978
6.505

7.353
8.000
8.478
8.902
9.222
9.386
9.446
9.348
9.159
8.913
8.48k
7.793
6.843
5.807
4.7k5
3.701
2.402
1.339

;.edgeradius:
2.772 3.413

Lewling-edse radius: 0.z83percent o—. _ ..
Nose opening in percent of IINUlmUm

thlckneae: 33.136

. .

. . .

,,,”

5.0
7.5
10 - “
15..
20

’25’ 1.
30

.~

;., ”

g
70, :..
75
80. ”
85

(perZent c)
3.000
,3.451,:
3.62s-
.:.;::
.

5.;52
5.978

..—
.8.902
9.222
9.386
9.4M

.- 9“*348.‘“
9.159
8.913
8.484
7.793
6.843
5.807
y;

2.IA02
I 1.339

Noaa opening in psroent of XImum
thiokneaaI 31.760

TAP(LB IV

TIiICRNESSORDINATSB, HOSE4PEU1712

AIRFOIL SHAPE 9

(per~ent 0 )

o

.5

.75
1.25
2.5

;:;
10
15
20
25

;;

E
50

%
65
70
75
80
85
90

3.976
4.228 \

lb7JJ5
5.532
6.137
6.652
7.467
8.098
8.593
8.965
9.22k
9.379 I
9.435
9.391
9.2ko
8.966
8.510
:.80:

5:816
4.679
3.522

95 2.387 (
100 1.314 .-l

Leading-edgeradiu.: 0.Z51 percent o

Location of leading-edge radiua oenter:,
0.251 3.343

Location of falrin.gpOint in Openin?: “

t:n..s: 3kxLILl
Nose opening in percent of maximum –



MACA TABLE V

THICKNESS ORDINATES, ?JOSE+P2NING

AIRPOIL SHAPE 10

(per’&nt c)
o

.5

.75
1.25
2.5
5.0
7.5
10
15
20
25

E
40
h5
50
55
60
65
70

::
85
90
95
100

(per~ent c)
2.CKU

2.409
2.%6
2.785
3.264
3.979
4.552
5.064
5.944
6.660
7.235
7.678
7.993
8.180
s.~o
8.163
7.906
7.439
6.798
6.o3o
5.182
4.286
3.369
2.lL52
1.616
.877

Leading-edge radiuss 0.151 percent o
Locntlon of leading-edge radius Centerx

0.151 2.001
LOc*tlOnOr falrlng point h opening: ‘-

0..?44 1.836

I Nose opening in percent ,yfmmx~U —

I thlckneaa: 22.282

TABLE VII

TFIICKNESiORDINATES, NOSE-0PENINL3

AIRPOIL SHAPE 12

(per;ent c )

o

.5

.75
1.25
2.5

R
10
15
20
25

%
40
b5
50
55
60
65
70

K
85
90

(per~ent c)

2.378
.3.163
3.552
3.667
:.::

5:819
6.392
7.291
7.982
8.5.2I
8.925
9.206
9.375
9.435
9.391
9.240
8.966
8.510
7.8o4
6.878
%816
~.679
3..522
2.38755

100 1.314
Le~dlng-edgeradlua:0.179percanto
mcation of leadlng-edga radium center

0.179 2.378

Location of fairl.ng point in opining:
0.290 2.182.

NOSOopeningin percentOr mxlmtm
thlckne~n:23.122

TABLE VI

THICENESS ORDINAT?ZS,NOSE-OPENING

AIRFoIL SHAPE 11

17

(porht c )

o

.5

.75
1.25
2.5

%;

i;
20
25

;;
40
45
50
55

+%-4
5.0* I

5.238 I

5.5?0
6.251
7.287
8.081L
8.763
9.836
10.668
11.320
11.810
12.151
12.355
12.JL2.9
12.371
12.172

60 11.811
65 11.210

10.280
:
90

9.060

95
7.661
6.164

90 11.6110
95 I 3.liil

100 1.751
Leading-edge radius : 0.331 percent c

Location of leadtng-edqe radius center:
0. ZJ1 L.40L

Location of falrlng coint In opening:
o.~36 4.040

Nose opening in percent of maximum
thickness: 52.505

TASLE VIII

‘I’HIc EWEBS ORDINATES, NOSE-OPENING

AI RFu IL SHAPE 13

(per;ent c) [per%ent c)

o 4.795
.5
.75

1.25
2.5
5.0
7.5
10
15

5.287

Ij.428
!.

5.680
6.I?7
6.984
7.589
8.1oL I

I 8.919
20 ~.j50
25 10.045
30 lo.lJ17

10.676
:2 10.821
45 10.887
50 10.843
55 10.692
60 10.@8
65 9.962
70 ?.256

8.330
K 7.268
85 6.131
90 4.97k
95 3.839
100 2.766

Le~dlng-edger~dlun: 0.251percentc---
LocStlm of lemding-edgeradiuocenter:

0.251 4.7L _____
LOestlonoffairlngpoint W opemlu.g:

0.407 4“X2._-.__.
H08eopal~ lm pmwbnt of -timtm
thiainmmo:L@.509 .—..—— .-..—
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P’lgure 3.- Preeaure dietrlbutlon for airfoil
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Figure 4.- Preaaure dlatrlbutlon for ●lrfoil shape 7 cambered for c~ = 0.2.
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NACA Fig. 6
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